Pseudomonas aeruginosa was isolated from seven commercial and two residential whirlpools that were treated with halogens. None of the commercial whirlpools was constantly maintained at appropriate disinfection levels. Superchlorination or the draining, cleaning, disinfection, and refilling of whirlpools markedly reduced densities of P. aeruginosa in whirlpool water, but the bacterial populations were rapidly reestablished (<103 cells per ml) when disinfectant concentrations decreased below recommended levels (chlorine, 3.0 ppm [3.0 ,ug/ml]; bromine, 6.0 ppm). P. aeruginosa in the water was replenished from various sources, such as hoses used to fill the whirlpool and the biofilm in the filter and piping of the whirlpool systems. Daily monitoring and adjustment of chemical characteristics (regardless of bather load) were essential for controlling densities of P. aeruginosa.
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The increased popularity of whirlpool baths and spas has been associated with an increased incidence of folliculitis, principally caused by Pseudomonas aeruginosa serotype 0: 11 (8, 13) . Whirlpools are normally operated at 39 to 40°C. Various P. aeruginosa strains grow well at temperatures of up to 41°C and have a propensity for growth in water of low nutrient content (7) . Ratnam et al. (13) found that 26 of 36 individuals developed folliculitis from 1 to 5 days after bathing in a commercial whirlpool contaminated with P. aeruginosa serotype 0:7. These investigators noted that outbreaks of folliculitis are not always associated with high bather loads or length of exposure. Recently, Insler and Gore (9) reported a pseudomonad corneal ulcer that developed in a contact lens wearer 48 h after the wearer's exposure to a pseudomonad-contaminated whirlpool. Twelve other bathers who were exposed to the same whirlpool water developed folliculitis.
Although P. aeruginosa is widespread in whirlpools and other aquatic environments (8, 9, 13) , the retrospective nature of most studies of whirlpool-associated folliculitis has not permitted the establishment of sources of contamination, incidence, or hazardous densities. This preliminary investigation examines some characteristics related to the incidence and persistence of P. aeruginosa in commercial and residential whirlpools.
MATERIALS AND METHODS
Inoculum preparations. P. aeruginosa was cultured in tryptic soy broth (Difco Laboratories, Detroit, Mich.) for 18 to 24 h at 22 to 24°C on a shaker until an A420 of 0.220 was obtained. This absorbancy corresponded to a density of 107 to 108 cells per ml (determined by plate counts). Four inoculum preparations were used. (i) A 0.5-ml cell suspension was inoculated directly into 4.5 ml of tap water containing 3 ppm (3 ,ug/ml) of free chlorine (pH 7.4). (ii) A 0.5-ml cell suspension was washed twice in 10 ml of phosphate-buffered saline (NaCI, 8 .0 g; KCI, 0.20 g; KH2PO4, 0.12 g; Na2HPO4, 0.91 g/liter of deionized H20; pH 7.2), and 0.5 ml of washed cells was inoculated into 4.5 ml of tap water containing 3 ppm of free chlorine (pH 7.4 Table  2 ). The uninoculated Pseudosel broth fluoresced, so presumptive indication of P. aeruginosa with UV exposure was not possible. Pseudomonads held in tap water before exposure to 3.0 ppm of free chlorine were more resistant than cells from enrichment culture. This type of phenomenon was noted also by Favero et al. (7) . The use of modified Pseudosel indicated that the viability of inoculum prepared without a wash was essentially unaffected by the chlorine for at least the first 15 s of exposure. The modified Pseudosel broth also permitted usually higher recoveries of P. aeruginosa from whirlpool waters than were obtainable with asparagine broth (Table 3) . Moreover, densities of P. aeruginosa detected by the MPN procedure indicated lower densities than those detected by the serial dilution procedure. Effect of disinfectants in control whirlpool. The control whirlpool water (no bather load) was treated with CII at 3 residence and two commercial whirlpools demonstrated >105 P. aeruginosa cells per ml). Five to ten minutes after the addition of sufficient CII to raise the available chlorine to 2 to 3 ppm, pseudomonad densities were reduced from 106 to 107 cells per ml to <10 cells per ml. However, if no more CII was added, the pseudomonads again were found in densities of 104 to 106 cells per ml within 24 to 48 h (Table 4) .
In whirlpool H. treated with BrH, the densities of P. aeriiginosa were usually not as markedly reduced in the presence of recommended halogen levels (4 to 6 ppm) as were the densities in the residential whirlpool that was treated with CII (Table 4) . Also, P. aeriuginosa was isolated on all aerosol plates from the residential and commercial BrH-treated whirlpools, whereas 30% of the aerosol plates from CJI-treated whirlpools were negative. Swabs of the filter surface often were positive for P. aeruginosa when free bromine levels were near 6 ppm and densities of P. aeruginosa in the water were lower than 103/ml.
Growth rates in whirlpools. Growth rates of P. aeruginosa were monitored in three whirlpools that were not adjusted chemically after shock treatments with chlorine. Densities of 105 to 107 cells per ml developed within 72 to 96 h. Generation times ranged between 2 and 3 h. Lag phases of the growth of P. aeriîginosa in the different whirlpools varied from 2 to 6 h, but comparable populations were attained in each, usually within 96 h after halogen levels had fallen below recommended concentrations. At 39 to 41°C with the jets in operation, chlorine levels decreased from above 3 ppm to less than 1 ppm within 1 h.
Scanning electron microscopy. Electron micrographs of the 4-mm-square samples of PVC piping exposed in the control whirlpool to circulating untreated tap water showed attached bacteria. Mixed cultures of microorganisms were found attached to the PVC pipe section located about 4 ft (ca. 122 cm) before and after the filter (Fig. 1A) . Even after the water had been treated with 6 ppm of BrH for 48 h, attached microorganisms could still be observed on the segments of pipe (Fig. 1B) Roszak and Colwell (14) . Thus, the actual densities of P. aeruginosa in whirlpools probably exceeded the numbers obtained.
None of the whirlpools in this study was continually maintained at halogen levels recommended by the Centers for Disease Control, 3 to 5 ppm of chlorine or bromine (4) . In several instances when P. aeruginosa was recovered with the residual halogen levels near 3.0 ppm, the pH of the water was higher than the recommended 7.4 to 7.6 range. High water pH shifts the dissociation of many of the halogens so that they are much less effective (6 
